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Apparatus for generating high frequency ink ejection and ink chamber refill 



(57) Disclosed is an inkjet print cartridge (1 8) which 
includes an ink supply (30) and a substrate (88) having 
a plurality of individual ink ejection chambers (94) de- 
fined by a barrier layer (104) formed on a first surface 
of the substrate (88) and having an ink ejection element 
(96) in each of the ink ejection chambers (94), for eject- 
ing drops of ink. The ink ejection chambers (94) ar- 
ranged in an array spaced so as to provide greater than 
500 dots per inch printing. A nozzle member (79) having 
a plurality of ink orifices (82) formed therein, is posi- 
tioned to overlie the barrier layer (104) with the orifices 
(82) aligned and associated with the ink ejection cham- 
bers (94). An ink channel connects the supply of ink 
(31-34) with the inlet channel (132). A group of the ink 



ejection chambers (94) in adjacent relationship form a 
primitive in which a maximum of only one ejection cham- 
ber (94) in the primitive is energized at a time and the 
primitive is one of a plurality of primitives on the sub- 
strate (88). First circuit means on the substrate (88) is 
connected to the ejection elements (96) and second cir- 
cuit means on the cartridge are connected to the first 
circuit means for transmitting ejection signals to the ink 
ejection elements (96) at high frequency. The first circuit 
means applies primitive select signals to select one or 
more of the primitives and applies address line select 
signals to enabling devices associated with ejection el- 
ements (96) in one or more selected primitives such that 
a maximum of one ejection chamber (94) in any selected 
primitive is activated at a time. 
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Description 

.pncCQPFPRFMCE TO REL ATFH APPLICATIONS 
6 [0001] This application is related to U/\ P f * ^ Sc ketNo 10961188-1 )'; 15. ST SSion 

cipi nnF THE INVENTION 

,0002] The present invents generally re^^^ 
<s generating photographic quality images on a color inkjet printer. 

Bflr.KRHOUND OF THE INVENTION 

[00 0 3] Thermalinkjethardcopydev^essu^^ 
*> iers have gained wide acceptance /The* ^hardcopy ^devices arc ' de ^ nbed * [ Academfc Press , , 988) 

Devlce./Chaplerl3clWH*^^ 

3 o the filling of a pattern of dot locations with dots of ink. and 
[00051 Inkjet hardcopy devices P™< ^^"^ 

includeamovablecarriagethatsupportsoneormorepr^ ^ 9 jnk ^ ^ 

3S intended to correspond to .he pattern of pfcj of the bu „ t on the substrate , and connections to 

[0006] The typical in k) et prmthead (i.e., ^^^"J^, dispersed in a so h, ent) . It has an array of precisely 
the substrate) uses liquid ink (i.e., dissolved colorants or pigmen s dispersec m s ^ 

formed orflces or nozzles attached toapnnmeadsubs^^ 

recerve liquid inkfrom the ink reservoir. Each '^J*^^^^ am the signals of which are 

upon the paper as the printhead moves past the paper. ^ f , h medium t0 be pr j n t e d 

4 s [0007] The ink cartridge containing the nozzles ^^^^^^Zl^ each of the nozzles is 
upon. At each of a designated number of increments of m s ™^ 

causedeitherto eject ^ or to refrain from eject.ng.nk according to the ^ » q( 

Each completed movement across the ^^^V^SS^^c^. After each such corn- 
arranged in a column of the ^ 

ejection chambers e*her through an elongated he BC «ln- h the 



2 



EP 0 913 257 A2 

center feed or edge (eed. the flow path from the ink reservoir and the manifold inherently provides restrictions on ink 

55 *S52^s common* empfcy a plurality of print cartridges, usually two to four mounted 
nT prinWriage to prepuce a full spectrum of colors. In a printer wfth four cartridges, each print cartridge can 
coSain a Tff eren. color ink, with the commonly used base colors being cyan, magenta, yellow, and black. In a p«nter 
w^th two cartridges one cartridge can contain black ink with the other cartridge be.ng a tr«ompartment cartridge 
Snta^g the base Zr cyan magenta and yellow inks, or afterna.ively, two dual-compartment cartridges ; may £ 
used o Xn the four color inks. In addition, two tri^ompartment cartridges may be used to contain s« base color 
inks !or e^mple, black, cyan, magenta, yellow, light cyan and light magenta. Further, other comb,nat,ons can be 
«mnlovsd deoendinq on the number of different base color inks to be used. 
• S^tSSSX. are produced on the media by depositing a drop of the required color onto a « ta*m 
Lhi e secondary or shaded colors are formed by deposing multiple drops of deferent base color inks onto the same 
21 ! advent! location, with the overprinting of two or more base colors producing tt.e seconda,y colors according 

m 5 'TSX^S^ colored dots produced by each o, the print cartridges are selective, overbed 
£ create crisp images imposed of virtual* any color of the visible spectrum. To create a single dot on paper hav.ng 

eaThoftecartridgesmustb^ 

a Hnt Piprted from a corresponding nozzle in another cartridge. ..... 

2? The or" Quality produced from an Inkjet device is dependent upon me reliability of its ink e^on < emenU. 
AmuJi-pasTprin, modern partially mitigatetheimpac^ 

The concept of printmodes is a useful and well-known technique of laying down in each pass of the pnnthead only a 
SctrSe ota nk required in each section of the image, so that any areas left white in each pass are , « led ,n by 

one^ 

;SlTTteTpe 9 Sc n ^,-.iking pattern employed in each pass, and the way in which these dtfferen, patterns add 
u?to I sinqfe fully inked image, £ known as a "printmode." ■ Printmodes allow a trade-off between speed and mage 
%X Fo^ 

^ S o ^ as best mode is slow but produces the highest image quality. Normal mode is a compromise between 
SaXrieSo^ 

fo Introl slveraMactors during printing that influence image quality, including: 1) the amount of ink placed on he 
me^pe dXalt 2) the sjeed with which the ink * placed, and, 3) the number of passes requ.rec ^ to comp e e 
The image Providing deferent printmodes to allow placing ink drops in multiple swaths can help wrth h,d,ng nozzle 

ripfprtQ Different Drintmodes are also employed depending on the media type. 

Zu] T one -pass ml operation is used for increased throughput on plain paper. Use of this mode on o^er p^ 
S rift" to^ large of dots on coated papers, and ink coalescence on polyester media. In a «^»» ™* ** 
To be fired on a given row of dots are placed on the medium in one swath of the print head, and then the pnnt med.um 

Tswa* l^ted on each pass of the printhead, so two passes are needed to complete the printng for a gr^ennow. 
?00161 a four-pass mode is a print pattern wherein one fourth of the dots for a g«ven row are printed on 

lach pasfS me Printhead Multiple pass thermal ink-jet printing is described, for example, ,n commonly assigned U 
SPa^Nos 4 96^ 8e2 and 4,965 593. In genera, it I. desirable to use the minimum number o passes p., -ful «« h 
arealo "mpiete the printing, in order to maximize the printer throughput, in such a way as to reduce undesirable 

of Sone scat hearty invisible dots and lack of graininess are required. Areas of solid fill require saturated colors, 
h g! optical * sKy and no white space. Also, the abi.rty to place more than one drop from a g W en P™*^J*" 
pixens lssential tc 'achieving this photograph, image quality. Another important attribute of an imagmg system ,s high 

S81 hPU previous methods such as mutti-pass printing described above put more than one drop from a given printhead 
napllbuTh^ 

^caC a separate pass is required for each drop placed from a given printhead onto a p.«A (2) in areas of I ,gh 
density pHn«nc T drops are put into every pixel on every pass which leads to dot coalescence which degrades jmage 
: au2 a d 3?'it is an inefficient way to cover white space in the midtone regions of the tone scale where shght d op 
Semen. Nations are required J.ill in white space which is difficult when multiple drops are placed on a pixel ,n 

[MlT » solution for achieving good tone scales is to use a six ink printing system. This approach uses black 
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ink, yellow ink, light cyan ink, dark cyan ink, light magenta ink and dark magenta ink. Good image *^>***£ 
" highlight regions by using only the yellow, light cyan and light magenta inks. The bbck. dark cyan and dark magenta 
inS u eSor^ saturated areas of the image. The disadvantages of this system are (1^ 
albc ink system (more inks, more complicated color maps and product cost and s,ze and (2) transits hat degrade 
s Lge quality are observed in the tone scale when the dark cyan and dark magenta, winch are highly visible, are f,rst 

' fOfS)] Another approach to form different dot sizes is to use multiple drop volumes on the same printhead (Se* U 
S Patent No. 4,746,935). The primary disadvantage ol this approach is the need for multiple drop generators wh.ch 

^T^renSSabove described methods and apparatus, the creation of cr.p and vibrant images w«h 
accurate tone equal to those produced by conventional silver halide photography has not been achieved 
?0022] Due to the increasing use of digital cameras to produce digital images and the use of scanners to ,n P ut con- 
ventional photographs into personal computers, the demand has rapidly increased for printers wh,ch can produce 
photographic quality prints from these images at high throughput 

IS 

SI IMM ARY OF THE INVENTION 

r0023] The present invention is an inkjet print cartrklge which includes an ink supply and a substrate having a plurality 
of ind vidual ink ejection chambers defined by a barrier layer formed on a first surface of the substrate and having an 
20 SSneemntineachoftheink 

in an Lay spaced so as to provide greater than 500 dots per inch printing. A nozz e member having a plurahty of nk 
orifices formed therein, is positioned to overlie the barrier layer with the orifices aligned and associated wrth the ink 

fn adjacent relationship form a primitrve in which a maximum of only one ejectior » chamber « the P™"*"*"™**? 

* at a ime and the primitive is one of a plurality of primitrves on the substrate. F,rst c.rcu, means on the pirate is 
connected to the ejection elements and second circuit means on the cartridge are connected to the first c rcurt means 
^transmitting ejection signals to the ink ejection elements at high frequency. The first circurt means applies primitive 
iSSo select one or more of the primitives and applies address line select signals to enabling dev^es asso- 
ciated with ejection elements in one or more selected primitives such that a maximum of one eject™ chamber ,n any 

30 selected primitive is activated at a time. 

RRIFF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1 is a perspective view of one embodiment of an inkjet printer incorporating the present invention. 
3S [0025] Fig. 2 is a top perspective view of a single print. 

[0026] Fig 3 is a bottom perspective view a single print cartridge. 

0027] Fig 4 is a schematic perspective view of the back side of a simplrtied printhead assembly 
0028 Fig. 5 is a top perspective view, partial* cut away, of a portion of the TAB head assembly showing th re a- 
ionshipof an orifice with respect toaink ejection chamber, a heater ink ejection element, and an edge of he sub^ 
40 [0029] Fig. 6 is a cross-sectional view of the printhead assembly showing the flow of ink to the ink e,ect,on chambers 

[ n 00 h 30] Pn Fi h g e f is a top plan view of a magnflied portion of a printhead showing two ink ejection chambers and the 
associated barrier structure and ink ejection elements. „ f lha 

[0031] Fig. 8 is an elevational cross-sectional view of the printhead assembly of F,g. 7 showing the thickness of the 

45 barrier layer and the nozzle member. ■ 

[00321 Fig 9 is a top plan schematic view of one arrangement of primitives and the associated ink ejection elements 
and nozzles on a printhead, with the long axis of the array perpendicular to the scan direction of the printhead. 
[0033] Fig. 10 is a top plan view of a printhead nozzle array with a straight line of nozzles, with the array perpendicular 

to the scan direction of the printhead. „„„^ = ,„i i„w 

so [0034] Fig. 11 is an enlarged schemalic diagram of the address select lines and a portion of the associated mk 
ejection elements, primitive select lines and ground lines. ■ , A ii no riri« P 

[0035] Fig. 12 is a schematic diagram of one ink ejectton element of F,g. 11 and its associated address line, dnve 
transistor, primitive select line and ground line. . ... ,„„,ii„„ = 

[00361 Fig 1 3 is a schematic timing diagram for the setting of the address select and primitive select lines. 
ss [0037] FlJ 1 4 is a schematic diagram of the firing sequence for the address select lines when the printer carriage 
is moving from left to right. 

r00381 Fig 1 5 shows the sub-columns for 4 drops and 8 drops per column or pixel. 

[0039] Fig. 16 shows how the printhead architecture of the present invention enables improved pnnt qualrty 
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[0040] Fig. 17 shows how.he prin.head architecture of the present invention enables high frequency bursts to mod- 
18 shows me difference in buiiding up do, coverage w*h fcying down muttMrops in one pass printing 

same pnnthead and media with ^X^^^u^cp printing than w«h multi-pass printing. 

loSq d Sg. 22 shows dot size growth from one to eight drops for two different ink systems. 
P.ETAILED DESCRIPTION OF TH E PREFERRED EMBODIMENTS 

having an ink reservoir integral with the print cartridge. m me resent invention, 

initiated, a sheet of paper from tray 1 2A is fed I into prime a ^ g scanning 

,o now travel in me opposite direct,^ itcwd ^^^^2^^^. shB P et for prin1 ing a swath of ink thereon. 

1 6, supporting one or more print cartages ^18 - then exertional stepper motor and 

AAerasinglescanormultip*^^ 

that position to ensure the ink is dry, and then re,eased ^ . aenera]w inc | udes a slide rod 22, along which 

========= 

regarding certain parameters such as ^^^T^^ wnich are ab | ate d through tape 80. An ink fill 



hole to an ink chamber internal to print cartridges 1 8. When the regulator ^°P""£ ^ jn use 
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signals applied to contact pads 86 and • rt «^ e ^^ B ^^ l . regarding multiplexing are provkied 

ne demultiplexer in order to decode more complex ^SS^S^ incoming data signals are decoded 
primitive signals, thus .urther reduce the number of J,^ slgnals 9 Per( crmin g this operation 

discussed below. e(lhctratfi qq us j n a conventional photo lithographic techniques is the barrier 

is then refilled by capillary action. „ h!imho , ri within Drint cartridqe 1 8 to ink ejection chambers 

[0057] Fig. 6 illustrates the flow of ink 92 from the «* amber 61 wtfm p rnt ca rdg ^ 

94. Energsation of the ink ejection rtSf^SS. «- - adhesJlayer 1 06 affixes 

cartridge body 110. . rtnlhfltrip . rribedin us Patent No. 5,278,584, by Brian Keefe, 

S^requ^^ 

some resistance in ink f.ow is necess^y t 

quency at which a print cartridge can operate. The inlet channel 9^™"* substrate , must be properly sized 

In***, is the distance between <^^n" ^ ,o mSacturing variaLs. As a 

[0060] To increase resolution and print quality, the pnnthead ^^^^^ To inc ^ a se printer through- 
, hatbothheaterinkejectionelementsandtheas^ 

put, the firing frequency of the ink eject™ ™^ 

frequencies, conventional i" kchanne,ba " ,erde r 8 ^^^ of the nozzle member. Also, the 

low drop volume, high drop velocity and high frequency ink e ectior a _req Durj ^ 

high ink ejection rates cross-talk between ^"^^^^Sb 82 in the form of a drop. A. the 
ejection of a single drop, initiated by a ink e|ec„on ^^££2 ink so displaced is often described as 
, same time, ink is also displaced bac "^^'J^^t^^ - *cflon «■*«» addrtto " 
•blowback volume" The ratio ^^222'^. d.placements in the menisci of neighboring 
to representing an mertial impediment to refill, b ™^ vol " me . ° a ts J, their m6nisc i cause deviations in drop 
nozzles. When these neighboring nozzles are fired such *£^£*b*» printed. An embodiment of the 
volume from the nominally equilibrated situation 'esul ng n nonun, , °^° S D o 9 ^. |njmizesuchcross ^ alk effects. 
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Vacrel™ or Parad™. . -..heitrate 88 As previously mentioned, ink 

[0063] ink ejection elements 96 are formed on the surface M£a«g*M Asp m 
ejectton elements 96 may be well-know, , piezoe ectn c pum J pe m ^^^m iso | a ,ion of the Rejection 
ejection elements. Peninsulas 149 extend.ng ^^^ D ^^SSL chambers 94, shown below in Table 

^HE£^rs==5~ 

TABLE I 



| nPF.NITI ONS FOR DIMENSIONS OF P RINTHEAD ARCHITECTURE 

Definition 



Dimension 



B 



20 



K 



35 



u 



Barrier Thickness 



Nozzle Member Thickness 



Orifice/Ink Ejection Element Pitch 



ink Ejection Element Length 



Ink Ejection Element Width 



Nozzle Entrance Diameter 



Nozzle Exit Diameter 



Chamber Length 



Chamber Width 



Channel Length 



Channel Width 



Barrier Peninsula Width 



Entrance Chamber Gap 



Back Wall Chamber Gap 



Side Chamber Gap 



Side Chamber Gap 



Inlet Channel Length 



1MM1 Table II lists the nominal values, a **^" ^J^J^^g^g^^it^ninges and'nomiralvalueT^^EK^ 

used, the operating temperature, the printing speed, and the dot dens,ty. 

Table II 



so 



INK CHAMBER DIMENSIONS IN K 


/llCRONS~l 


Dimension 


Minimum 


Nominal 


Maximum 


B 


8 


14 


20 


C 


15 


25.4 


39 


D 




84.7 




F 


11 


17 


23 


• 


11 


17 


23 
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Table II (continued) 



I INK CHAMBER DIMENSIONS IN h 


IICHUNo 


Dimension 


Minimum 


Nominal 


Maximum 


H 


24 


34 


44 


I 


8 


12 


14 


J 


20 


27 


38 


K 


20 


27 


38 


I M 


15 


30 


45 


I N 


12 


20 


30 


I ° 


10 


23 


40 


P 


2 


6 


12 


Q 


2 


6 


9 


R 


2 


5 


9 


S 


2 


5 


9 




70 


160 


220 



r00671 Previous Figs 7 and 8 and Table II show the design leatures and dimensions characteristics of printheads 

Scan b used to successfully print photographic quality images a, a very high drop ^ 

constant small drop volume of less than 10 picoliters. The printhead architecture des,gn ,s a key factor of the present 

^ ReS 80 thickness has to be matched to the dimensions of the in«^ 

Z Sor element 96, barrier 114 thickness and design, as well as the inkformufet,on JSimp* reducing the horaM 

dimensions FGH I J and K of the ink chamber 94 reduces the volume of the ejected drops, but creates a low drop 

e Action velocity Referring to Table III, a standard 2 mil (50.8 micron) flex circuit 80 and a nozzle outle dtameter of 14 

mc^scta ^ a long nozL 

™y 3 5 Ts me,erLcond which is too low. These low velocity drops can lead to nozzle plugs, m^.recfon, and 

thermal inefficiency. 



Nozzle 
Thickness C 


Barrier 
Thickness B 


Orifice 
Diameter I 


Resistor Size 
F t G 


C/l 


Drop Volume 
Picoliters 


Drop Velocity 
meters/sec 


50.8 


14 


14 


17 


3.6 


3.5 


3.0 


50.8 


14 


14 


21 


3.6 


5.9 


7.5 


25.4 


14 


12 


17 


2.1 


5.3 


14.0 



,00681 Referring to again to Table III. the ink ejection chamber 94 can eject small drops in high frequency bursts 
whe the rS member 79 thickness is matched to ink ejection element 96 s*e, barner 104 thickness, and or ,ce 
S ex diameter As shown in Table III, drop velocity is nearh, doubled when me nozzle member 79 or flex circuit 80 
fhiressTreduced from 50.8 microns to 25.4 micron. The surprising result of using a 25.4 micron flex crcurt 80 or 
nozzle member 79 leads to a robust, reliable design that is thermally efficient. 

«MM The present invention has several advantages over previous printing systems and methods. The drop volume 
Kll The Idual drops in high frequency bursts in the range of 15 to 60 kHz remain nea y constant at 
TpSroxmaTeJ ^5 pSiters (pi) and velocities greater than 10 meters per second (m/s), respect^, n previous 

Lsive droos after the first ejected drop were significantly lower in volume. However, to create a smooth gray level 
amH fdesi to have precisely the opposite effect, i.e., a smaller, nearly imperceptible first drop, followed by 
^cessivedroS 

clear mild nozzle plugs and are easily misdirected by puddles on the nozzle member surface^ 

roOTO? Another advantage of the present invention is that the design of the ink eject,on chamber and ink inlet channel 

EfoSCSnk refillof the ink ejection chamber. The ink ejection chamber refill frequency must be a, 
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least equal to the ink ejection frequencies of 15 to 6C i kHt |ess sensitive t£> |nk 

[0071] Afurtheraavantageof.hepr^ ^ m ^ 10 

viscosity and surface tension. Previous mufti-drop ™^ 7 9 Q% djethy , ene g | yco | / 30% H 2 0 mix. 

centipoise) and higher surface tension » m f *f 
Such inks also requiredtheuse of paper which isno^ 

can use inks which have a viscosity of apP— V '^^^^^ — * *. 35 ™ ,ilm * h0, ° 
are afso arranged in adjacent groupings of 

identrfied by an address hne and a primitive line. When using all iw n°z wjdth o1 „ 267 

is 0.320 inches. In other modes of operation and 96 nozzles in 12 primitives and a swath 

inches, 128 nozzles in 16 primitives and a swath width* ™ h J£, ejection , r e q uencies. For clarity 
width of 0. 160 inches. The use of these alternate modes of pe «aon ■ "™ 3 ran i entionally H assl gned a number 
o, understanding, the orificesSSandink^ 

as shown in Fig. 9. Starting at the top right as the prmthead assemb * ^ even 

m ember 79 and ending in the tower ^J^^^^ZSSSS^ -ay be followed, bu, the 
numbers being arranged ,n the second column, a ^"^^J, ge associated with thl. numbering system 

,007^ F» . oont. « ^';* "f ,| obtain . .angutt ««V - *» ptM on M 

,007I| OK soMon lo M Mug p.*»»- » » ««•"» ^.T^iX.!.! lo and .1 .ubMnli* M «■» 

has the disadvantage that a special prmthead assertory une muw h reconfiaurinq the carriage 16 to hold 

94 within a primitfce. The orifices 82, while genera.* ^f^^m^^T^Z or column of ink 
in an offset or staggered pattern within each column ^^^^'^1^^ D between two 
eject™ elements, a small offset is provided between ink e e Uoo e^men* ^ Th stog er dj 
nozzles is equal to VI. This small offset allows '^^^'^^^^^^^ bcations, one 
times when the printhead assembly is scanning across the ITntTower requirements associated 

for each of the address lines discussed below. Thus, although the ink 

w«h the firing ink ejection events by energizing ^^T^X^^^ nozzles t0 be 
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U.is no, me same , or all inK injection events. This means the refil, time ,or al. inK ejection chambers is also no„he 
same - L . ^™h*H mAthods are provided in U.S. Patent Application, Serial No. 

SB ™ 1 5S=!1SS Pe— ce Orop Senerator For an ,n«e, ^ 

.requencies whfch torhigh qualKy printing using mutttap merge 

dot or pixel spacing. As discussed in detail oeiow k ■ i y h vo|ume The mos , , mportant 

onmed«printingma,eachof^^ 

(actor in obtaining this equal drop volume for each o, me arop k charnber s 94. This high speed 

minimal chamber-to-chamber vanations ,n ,nk re «h ^P^^f^J^e' of ink ejec ,ion elements/nozzles with 
refill with minimal variations can best be accompli ^»**™**«™ J as ^ 

no stagger, .n addKion, with the present invent,* n - " - JJ^^^^^^^f,^ 
because the stagger error ,s very small due to the ^ ^ ™ nt J tjme o{ ejection t0 correc t for do, placement 
also allows the placement multiple drops on a pixel and "1^™™ ^ f||ed February 6 , 199 7, entitled 
errors. Further details are provided in U.S. ™ en ' A ^^^ 

'Fractional Dot Column Correction for ^ can '?|^Q?p!^ ?| Tn^e^connecttons for controlling the printhead assembly 
[0081] Referring nowto the electrical schematic of Fig. 11. the ^ interconnec ,ions. The driver 

driver circuitry include separate address select, pnm, 1^ 2 Tprimrtive commons, and eight 
circuitry of this particufer embodiment comprises an array °^24 ^J^JSS 96 are organized as twenty-four 
address select lines to control 192 ink ejections elements. ]^ ™™p rimitjva line uniquely identifies one 

primitives (See Fig. 9) and eight address l.nes. Sf^gj^^'gS* Fig. 11 are all eight address 
particular inkejectton chamber 94 ^' nke ' e ^ 

Se^r^^^ 

primitive lines and 28 primit.e commons to^^ 

[0082] Eachinkejectionelementgeiscontrolled^^^^ other |nk ejection 

. se.ee, (A1 -A8) with t-.-r*^-^ 

elements by a common node primitive selec ( ps JT~;7 a „ d " n ^ 4, " source at its primitive select terminal. 

„ io b. .n.r S Md> Mm Al lo AS »h.n prMing urn Wt " m m. MtfM oka M 

p,i»«..«.^i™™P*'«'™^T™r*^^ 

irrrr d re;= 

^5] in response to print commands from the 
ociatedprimitiveselectinterconnec^ 
so elementisenergizedat a timeper P rimit,ve.»^^ 

Each enabled pnmitwe select thus defers both power ^^^^ ^ a, a Each 

enable signal is an address signal provided by «ach address i e ec >' ne °^ afe conductive ^ the 

address select line is ,ied ,o all o, the swrtchmg ^'f^^^.^^iect line for a heater ink ejection 
interconnection is enabled. Where a primitive selec , t ^^^^^^^ Vrw , fm ^t^ 
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a heater ink ejection element would be a function ol the number of ink ejection elements 96 being energized at the 

speed of 20 inches/sec and 600 dots per inch (dpi) printing: 
* Base Frequency = F = (20 inches/sec) x 600 dpi = 12,000 dots/sec = 12 kHz 



Base Period = 1/F = 1/12,000 = 83.33 microseconds 



20 



25 



30 



maximum burst frequency « ((s|o Q f Addresses) (Ejection Pulse Width + Delay), 
ava i,ab,e base P««™^^ is determined by ft. scan veloc«y 

mutism 
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6 drops/column (3600 dpi) and 7 drops/column (4200 dpi), where a column refers to a 600 dpi ^^J™*™ 
lutions of 1200 800 2400, 3000, 3600, 4200 and 4800 dpi correspond to burst frequences of 24, 36 48, 60, 72, 84 
^r 9 6?Hz res S, for a base frequency of 1 2 kHz. If the carrage scan velocity is reduced, the base ^frequency 
and burst frequency are reduced accordingly. Thus, the virtual resolution of the printer ■ « determined by -th .number 
of droSs ejected in each 600 dpi pixel in physical space or within the base time period (1/F) ,n temporal space. 

KS Pleads, an entire column of data is assembled in printer logic and the pnnter rtself comrol the 
Sequence of firing the printhead address and primitive lines which were demultiplexed ^escribed above^Wrth the 
nresent orin^ad having integrated logic on the printhead, data is transmitted to the pnnlhead and the pnnthead de- 

Sead for each sub-column. In the time domain, this is one eject™ penod as shown in F,g. 14 .n the , phys cal 
SI domain, this is called one sub-column as shown in Fig. 15. The swath ve«oc,ty of the pnnthead across the 
media is determined by the number of ink drops to be deposited on each pixel. 

Si Ro 6 showsthe large improvement in print quality due to the novel printhead design of the presen mven ,on 
E^e a^zzLmemberwrth reduced thfckness. As shown in Fig. 17, the printhead design of the present ,nvent,on 
S2L^nTSlnt drop vo.ume for each of the high frequency bursts, unlike prior efforts to develop a useful 
m ft drop arc Jectu e wherein the first drop was the largest drop success^ drops became smaller. S.nce h« 
SeS Volume increases linearfy with the burst count, the high frequency bursts can modulate the cumulate drop 
volume on the media by selecting the number of drops to be placed on any one pixel. 

[00941 Previous methods such as multi-pass printing put more than one drop from a given Pnnthsrt ™ < , pixel, but 
hese drops are placed on the pixel on separate passes. The disadvantages of this approach are: (1) throughput s 
compromised because a separate pass is required for each drop placed from a given printhead onto a pixel. (2 in 
TasTS density printing, drops are put into every prxel on every pass which leads to dot coa escence which 
degrades image quality, and (3) it is an inefficient way to cover white space in the midtone regions of the tone scale 

on a Dixel in separate passes, because the dots formed by each pass may land on top of each other. 

£oM The Xhead architecture of the present invention allows the use of multi-drop merge on media pnnting. The 

Sto Ichievrgood ton scale is crucial to achieving photographic image quality. In the highlight region of the tone 

Snt ng memod is an efficient way to create high quality images at high throughput. High ght regions m formed 
by usi g single drops to form a dot. Individual drops are nearly invisible and can be used to form highlight wrth low 
Sess As the density of the image increases, muKiKirop dots are formed with .wo or ™re drops merging on 'he 
meT By atowing drop" to merge together on media in a given pass, white space is more efficiently covered than 
w'h previous approaches. Fig. 18 shows the difference in building up dot coverage by laymg down multiple drops ,n 
one Dass and multi-pass printing where the drops are laid down in separate passes. 

S in muTd op printing, a high frequency burst of drops is ejected from a printhead. These drops marge on ho 
meda to form a larger cumulative drop or dot. The size of a dot is determined by the number of drops deposited ,n the 
™Sd by inkSia interactions. Fig. 1 9 shows an example of the vo.ume, size and shape o the composite drop 
ont e medl for multi-drop and single drop mufti-pass printing. This example used from one to four drops on a p«el 
and used the same printhead and media with only the printmode and firing frequency being changed. As can be seen 
fn Fig 20 much more effcient dot growth on the media is achieved with multidrop printing versus multipass printing^ 
Fi % shoranother example of the vo.ume, size and shape of me compost drop or multidrop dots that are formed 
bv oS t efchUndLual drops merging using 5.5 picoliter individual drops. Fig. 22 shows dot size growth from one 
L?g.dro?sfor.wo different ink systems. The top line is for a dye-based ink with an individua drop 
picoLs The bottom line is for a pigment-based ink with an individual drop volume of 3.0 picolite*. The essental 
reS ment of multidrop printing is a high ink ejection frequency. Highlight regions of the tone scale are formed by 
uZ Tngle drop to form a dot. As ihe density of the image increases, multi-drop dots are utthzed with two or more 

S m ti "aSrembodiments of the present invention have been shown and described, it wil, be obvious to 
EskileS n the art that changes and modifications may be made within departing from th« mvention ,n its , broade 
aspects "arc !. ! iherefore, .he appended Cairns are to encompass within their scope all such changes and mod,f,cat,ons 
as tall within the true spirit and scope of this invention. 



Claims 

1. An inkjet print cartridge comprising: 
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40 



«ub^ a plurality of individual ink ejection chambers (94) with an ink ejection element (96) in 

each chamber formed on a first surface of said substrate (88); 

said ink ejection chambers (94) arranged in an array spaced so as to provide greater than 500 dots per inch 

an Ik channel (36) connecting said supply of ink (30) with said inlet channel (1 32), each of said inlet channels 
(132) having the same length; . . . 

a group of said ink ejection chambers (94) in adjacent retetionship forming a primitive in which a maximum o 
only one ejection chamber (94) in said primitive is activated at a time and said primitive is one of a plurality of 
primitives on said substrate (88); 

first circuit means on said substrate (88) connected to said ejection elements (96); and .... 
second circuit means on said cartridge connected to said first circuit means for transmitting ejection signals 
to said ink ejection elements (96) at a frequency greater than 15 kHz; 

wherein said first circuit means applying primitive select signals to select one or more of said P"mrt^ 
applying address line select signals to enabling devices associated wrth ejection elements (96) in one or more 
selected primitives such that a maximum of one ejection chamber (94) in any selected pnmrtive is energ.zed 
at a time. 



2 The inkjet print cartridge of claim 1 wherein said ink chambers (94) are arranged in a first chamber array and a 
20 second chamber array and said ejection chambers (94) spaced so as to provfcte greater than 600 dots per ,nch 

resolution. 

3. The inkjet print cartridge of claim 1 wherein the number of said address line signals is less than one^alf of the 

number of said primitive select signals. 

4. The inkjet print cartridge of claim 1 wherein the number of said address line signate is less than one-fourth of the 
number of said primitive select signals. 

5. The inkjet print cartridge of claim 1 wherein the number of said address line signals is less than ten. 

30 

6. An inkjet printer comprising; 

a scanning carriage (16); 

rsiiSlairmounted in said scanning carriage (16), said substrate (88) having a plurality of indhrfdual link 
ejection chambers (94) defined by a barrier layer (104) formed on a first surface of said substrate (88) and 
having an ink ejection element (96) in each of said ink ejection chambers (94), for ejecting drops of ink; 
said ink ejection chambers (94) arranged in an array spaced so as to provide greater than 500 dots per inch 



a Tozzte member (79) having a plurality of ink orifices (82) formed therein, said nozzle member (79) being 
positioned to overlie said barrier layer (1 04) with said orifices (82) aligned and associated with said ink ejection 
chambers (94); 

an ink channel (36) connecting said supply of ink (30) with said inlet channel (132); 
a group of said ink ejection chambers (94) in adjacent relationship forming a primitrve in which a maximum of 
45 only one ejection chamber (94) in said primitive is activated at a time and said primitive is one of a plurality of 

orimitives on said substrate (88); 

first circuit means on said substrate (88) for connected to said ejection elements (96), said first circuit means 
further comprising electrodes for receiving signals from said second circuit means, and . . 
second circuit means on said cartridge connected to said first circuit means, for transmitting election signals 
so to said ink ejection elements (96) at a burst frequency greater than 20 kHz, 

wherein said first circuit means applying primitive select signals to select one or more of said primitives and 
applying address signals to enabling devices associated with ejection elements (96) in one or more selected 
primitives such that a maximum of one ejection chamber (94) in any selected primith/e ,s activated at a time. 

« 7 . The inkjet printer of claim 7 wherein said separate inlet passage (132) for each ejection chamber (94) has a length 
less than 100 microns. 

B. The inkjet printerol claim 7 wherein the number of said address signals is less than ten. 
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9. The inkjet print cartage o, cfcim 1 or 6 wherein sak, ejection signal to said ink ejection eiements (96) are a, a 
frequency greater than 20 kHz. 

10. The inkjet print cartridge of Cairn i or 6 wherein sat. ejection signals to said ink ejection eiements (96) are a. a 
5 frequency greater than 30 kHz. 

11. The inkjet print cartrkige o. cfcim 1 or 6 wherein said ejection signais to said ink ejection eiements (96) are at a 
frequency greater than 40 kHz. 

M 12. The inkjet print cartridge o« claim 1 or 6 wherein said ejection signais to said ink ejection eiements ,96) are at a 
frequency greater than 50 kHz. 
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